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PROJECT TITLE: TRAINING AIDS IN TRAFFIC-SIGNAL ENGINEERING 
PROJECT DIRECTOR: Peter S. Parsonson 
PROJECT ADDRESS: Georgia Institute of Technology 
School of Civil Engineering 
Atlanta, Georgia 30332 
Phone No. (404)894-2244 or 2204 
PURPOSE: 
The purpose of this project is to provide a series of four 
16-mm instructional films, totaling approximately 80 minutes in 
length, on the timing of vehicle-actuated traffic signals at local 
(isolated) intersections. Each film is a blend of scenes of 
Atlanta intersections, graphical animation, and demonstrations in 
the Georgia Tech Traffic Signal Laboratory. The films are needed 
because the pressures of urban traffic congestion have forced in-
creased emphasis on traffic engineering techniques to obtain the 
maximum utility from our existing city streets. There is current-
ly an urgent need for traffic engineers who understand the latest 
technology and are able to apply it in practical situations. The 
first three films were finished in 1974; eight sets are in con-
stant circulation throughout North America and Europe. 
AUDIENCE: 
The project is being developed specifically for Masters 
degree students of traffic engineering, which is a branch of civil 
engineering. This audience comprises approximately 500 viewers 
annually. Part I of the films has proven to be appropriate also 
for undergraduate civil engineering courses in basic highway engi-
neering, and has even been shown to high school seniors as an 
orientation to engineering. In addition, the films are used for 
graduate-level short courses offered by universities, governmental 
agencies and consulting firms. The total audience is currently at 
a level of approximately 2000 per year. The availability of the 
films is publicized without charge by the Institute of Traffic 
Engineers and the Federal Highway Administration. 
INNOVATION: 
Only motion pictures of laboratory demonstrations, accom-
panied by graphical animation, appear to be suitable for the 
teaching of the dynamic interactions of traffic-actuated signal 
control. It is an innovative solution to an instructional problem 
in that it never had been done before and it was not known for sure 
that such instruction would be accepted by instructors and students. 
This solution results in an enormous advantage over the traditioanl 
chalkboard technique. The evaluations show that the films are 
successful in that they enable the viewers to time their traffic 
signals for maximum efficiency and safety. 
EVALUATION: 
Each borrower receives an evaluation form and a multiple-
choice quiz with answer key for his possible use in determining 
the effectiveness of each film. The filled-out evaluation forms 
are returned with the films and are tabulated by the Project 
Director. The tabulation through December,1974, was used to aid 
in evaluating the proposal for the fourth film. 
MATERIALS: 
The following films have been developed and are available on 
free loan from the Project Director: 
Part I, Basic Actuated Controller 	24 minutes 
Part II, Advanced Actuated Controllers 	16 minutes 
Part III, Multiphase Actuated Controllers 	13 minutes 
The fourth film, "Loop-Occupancy Control", is planned to be 
25 minutes in length and will be available in May, 1975. 
PROBLEMS: 
The films were produced with the philosophy that students, 
especially graduate students, must take a more active role in their 
education. Therefore, the Project Director expects that a serious 
graduate student will be willing to show each film to himself 
several times before he is satisfied that he can take the quiz 
successfully. Parts II and III, especially, incorporate so much 
technical material that it is virtually mandatory to see these 
films a second and third time. There has been no problem with 
Georgia Tech graduate students in this regard; but there is evi-
dence that many instructors simply are not oriented to multiple 
viewings, despite the fact that the Notice of Film Mailing sent by 
the Project Director specifically recommends this. Preliminary 
indications are that many instructors show the films only once and 
do not administer the quizzes. A more reliable indication will be 
available by mid-1976. 
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GEORGIA INSTITUTE OF TECHNOLOGY 
ATLANTA, GEORGIA 30332 
OFFICE OF 
THE DIRECTOR OF 
FINANCIAL AFFAIRS 
January 26, 1977 
Grants and Contracts Office 
National Science Foundation 
Washington, D. C. 20550 
Gentlemen: 
Enclosed is the original and two copies of the final fiscal 
report for grant number SED72-07685, formerly HES75-15000. 
If you have any questions or desire additional information 
please let me know. 
Sincerely yours, 
C. Evan Crosby/  




cc: Dr. P. S. Parsonson 
Mr. E. E. Renfro 
Mr. A. H. Becker 	 
File E-20-533 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
NATIONAL SCIENCE FOUNDATION 	 RESEARCH GRANT 	 Form Approved 
Washington, D.C. 20550 	 BUDGET & FISCAL REPORT 	 Budget Bureau No. 99-R0013 
• 
Please read instructions on reverse side carefully before completing this form. 
INSTITUTION AND ADDRESS 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
NSF PROGRAM 
Higher Education in 
Science 
GRANT PERIOD  
from 	5/15/75 to 	10/31/76  
REPORTING PERIOD 










NUMBER 	 E-20-533 
A. SALARIES AND WAGES 
1. 	Senior Personnel 
a. (Co)Principal Investigatoris) 
b. Faculty Associates 




Do Not Round Cal. Acad. Summ. N 
Sub-Total 
2. Other Personnel (Non•Faculty) 
4,574.00 
N, , ,„ 
`, 	\`‘ 	\\",..1,\ 	‘.,, ,, 
a. Research Associates—Postdoctoral 
b. Non-Faculty Professionals 
c. Graduate Students 
d. Pre-Baccalaureate Students 
e. Secretarial—Clerical 
f. Technical, Shop, and Other 
TOTAL SALARIES AND WAGES $ 5,064.89 
408.73 B. STAFF BENEFITS IF CHARGED AS DIRECT COST 
C. TOTAL SALARIES, WAGES, AND STAFF BENEFITS (A + B) $ $ 	5 473.62 . 
D. PERMANENT EQUIPMENT \.\\ 
-0- 
E. EXPENDABLE EQUIPMENT AND SUPPLIES 261.73 




G. PUBLICATION COSTS -0- 
H. COMPUTER COSTS IF CHARGED AS DIRECT COST -0- 
I. 	OTHER DIRECT COSTS 
Howell Lancaster 	 $ 	20.00 
Willard Productions, 	Inc. 	 $39,519.91 
1411 
J. 	TOTAL DIRECT COSTS (C through I) 	 39 	539.91  
K. INDIRECT COSTS 
68% of $ 5,064.89 = $ 3,444.13 \ 
3,444.13 
L. TOTAL COSTS (J plus K) $ 48 791.75 
M. AMOUNT OF THIS AWARD ( ROUNDE D) 
N. CUMULATIVE GRANT AMOUNT \'\ 
0. UNEXPENDED BALANCE (N. BUDGET MINUS L. EXPENDITURE) . 	WIllib. $ 
	 8.25 
REMARKS: 	Use extra sheet if necessary 
*No obligations were incurred outside the grant period of 
5/15/75 through 10/31/76. 
..s.E.44ATURE OF PRIHCAPAL INVESTIGATOR 
— . 	. 
TYPED OR PRINTED NAME 
Peter S. Parsonson 
DATE 
21/ / 
I CERTIFY THAT ALL EXPENDITURES REPORTED ARE FOR APPROPRIATE PURPOSES AND IN ACCORDANCE 
WITH THE AGREEMENTS SET FORTH IN THE APPLICATION AND AWARD DOCUMENTS 
SIGNATURE OF AUTHORIZED OFFICIAL 
.-, 	..", 	 ,-.. 	0 
TYPED OR PRINTED NAME & TITLE 
of 
pylunatabxf elinciate Director 
DATE 
youaolom 
Organ. Code F.Y. Fund ID 
FOR NSF USE ONLY 
Prog. Code 	Ob. Class 0/Dres. Award No. Amd. 	Inst. Code 
Unexpended 
Balance 	Trans. 	Lot 
I 	1 I r II 
  
NSF Form 98, JULY 1971 
	
SUPERSEDES ALL PREVIOUS EDITIONS 
f orm Arrro%•:(.1 
OM If No.19lt ffrl 13 
NATIONAL SCIENCE: FOUNDATION 
1Vashington. D.C. 20550 
SUMMARY OF 	'LET 	PROJI-.CT 
rcaci imitia lions eqt rei . c,c1 	 ()city(' comphimg rhic form 
SUMMARY (Attach list of publications to form) 
[his project produced a 30-minute, 16 mm., motion-picture film entitled 
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'he film describes the use of large-area presence detectors (such as long 
oops) with non-locking controller circuits in order to minimize delay. 
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overed. The selection of loop length and controller settings for both 
ow- and high-speed 'approaches is described. Designs to detect small 
otorcycles, including the novel "Quadrupole" configuration, are present- 
d as well. Particular emphasis is placed on the potential safety problems 
o pedestrians and motorists as a result of the snappy operation of L.O.C. 
hroughout the film a contrast is made with conventional actuated control. 
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eport "Large-Area Detection at Intersection Approaches", which was 
ublished in the June, 1976 issue of Traffic Engineering. 
TYPED OR PRINTED NAME 
S - sonsolA__ 
DATE 
Form 98A (5-76) 
SIGNATURE OF PRINCIPAL INVESTIGATOR/ 
2QO JEC T DIA E,C1N) R 
V  
3 
INSTITUTION AND ADDRESS 
Georgia Institute of Technology 
225 North Avenue, N.W. 
Atlanta, GA 	30332 
2. NSF PROGRAM 
Science Education 
Development and Research 








6. PRINCIPAL INVESTIGATOR(S) 
Peter S. Parsonson 
7. GRANTEE ACCOUNT NUMBER 
E20-533' 
National Science Foundation Grant SED72-07685 
(Formerly SED75-15000 A01) 
Georgia Tech Sponsored Instruction Project E20-533 
Final Technical Report 
TRAINING AIDS IN TRAFFIC-SIGNAL ENGINEERING 
Project Director: 
Peter S. Parsonson 
Associate Professor 
School of Civil Engineering 
Georgia Institute of Technology 
Project Period - May 15, 1975, to October 31, 1976 
Sponsor: 
National Science Foundation 
Science Education Directorate 
Division of Science Education Development and Research 
Materials Task Force 
Program Manager: Alice P. Withrow 
Report Date 
January 20, 1977 
Introduction  
Under a previous NSF grant Georgia Tech produced three 16 mm. 
film totaling 53 minutes in length under the main title "Operation 
of Actuated Traffic Signals at Local Intersections." The subtitles 
and lengths of the three are as follows: 
Part I, 	Basic Actuated Controllers 	24 minutes 
Part II, Advanced Actuated Controllers 	16 minutes 
Part III, Multiphase Actuated Controllers 	13 minutes 
The availability of these films was publicized by Georgia Tech 
through the publications of the Institute of Transportation Engineers 
and the Federal Highway Administration. Several prints of each film 
have been in continuous circulation to universities, state departments 
of transportation, and local traffic engineering agencies. The films 
are loaned free of charge by the Georgia Tech Library. 
This original series of films has been very well received as 
documented in the Final Report dated December 13, 1974. Therefore 
Georgia Tech proposed that a fourth film be produced. 
Project Objective  
The objective of this project was to produce a fourth film in 
the series "Operation of Actuated Traffic Signals at Local Intersections". 
The film was proposed to be 25 minutes in length, on the subject "Loop 
Occupancy Control." 	It was to be loaned free of charge on the same 
basis as the preceding three parts in the series. 
Film Actually Produced  
The film actually is 30 minutes in length, and conforms to the 
proposal. It describes the use of large-area presence detectors (such 
as long loops) with non-locking controller circuits in order to minimize 
delay. Applications to left-turn lanes and to right-turn-on-red loca-
tions are covered. The selection of loop length and controller settings 
for both low- and high-speed approaches is described. Designs to detect 
small motorcycles, including the novel "Quadrupole" configuration, are 
presented as well. Particular emphasis is placed on the potential 
safety problems to pedestrians and motorists as a result of the snappy 
operation of L.O.C. Throughout the film a contrast is made with conven- 
tional actuated control. Like the first three parts, the film is a blend 
of scenes of actual intersections, graphical animation and demonstrations 
in the Georgia Tech Traffic Signal Laboratory. 
1 
The new film complements the Southern Section ITE Technical Report, 
"Large-Area Detection at Intersection Approaches," which was published 
in the June, 1976, issue of Traffic Engineering. A copy of the report 
is attached. 
There were no problems encountered in the production of the film. 
Publicity and Distribution  
The attached Southern Section ITE Technical Report included a brief 
announcement of the film. A subsequent issue of Traffic Engineering  
included an expanded announcement; the page is attached hereto. Also, 
the National Highway Institute of the Federal Highway Administration 
periodically publicizes the four films in its Bulletin of Education and 
Training Opportunities. The text of the NHI publicity is attached. If 
the demand for the films slackens, then Georgia Tech will mail a publi-
city notice to graduate faculty members at the approximately 50 engineer-
ing schools in the U. S. and Canada. 
Usage and Evaluations  
The following groups have used "Loop Occupancy Control" since its 
release in early October, 1976: 
Georgia Division, Southern Section, Institute of Transportation 
Engineers 
Georgia Tech, for graduate course in "Advanced Traffic Operations" 
State of Alaska, Fairbanks, Alaska 
Arizona Department of Transportation, Phoenix, Arizona 
City of Baton Rouge, Department of Public Works, Baton Rouge, La .. 
City of Clearwater, Clearwater, Florida 
City of Cumberland, Cumberland, Maryland 
City of Dayton, Department of Public Works, Dayton, Ohio 
City of Norwalk, Department of Transportation, Norwalk, California 
City of San Diego, San Diego, California 
County of Suffolk, Department of Public Works, Yaphank, N.Y. 
State of California, Department of Transportation, Sacramento, CA 
Department of Public Works, Agana, Guam 
Edward C. Michener Associates, Inc., Harrisburg, Pa. 
Florida Department of Transportation, Tallahassee, Florida 
2 
Montgomery County Department of Transportation, Rockville, Maryland 
Newark College of Engineering, Newark, N. J. 
New York State Department of Transportation, Region 6, Hornwell, N. Y. 
North Dakota State Highway Department, Bismark, North Dakota 
Ohio Department of Transportation, Columbus, Ohio 
State of Minnesota, Department of Highways, Minneapolis, Minnesota 
Traffic Data Systems, Colorado Springs, Colo. 
University of Kentudky, Lexington, Kentucky 
University of Wisconsin-Madison, Madison, Wisconsin 
Westchester County Safety Board, White Plains, N. y. 
The following organizations have been scheduled to borrow "Loop 
Occupancy Control" in the early months of 1977: 
City of Anaheim, Anaheim, California 
City of Ann Arbor, Ann Arbor, Michigan 
City of Columbus, Division of Traffic Engineering, Columbus, Ohio 
City of Jersey City, Department of Public Works, Jersey City, N. J. 
City of Wichita, Department of Public Works, Wichita, Kansas 
Lake County Highway Department, Liberty, Illinois 
Ministry of Transportation and Communication, Downsview, Ontario 
State of Minnesota, Traffic Management Center, Minneapolis, Minnesota 
New York Department of Transportation, Region 6, Hornwell, New York 
New York Department of Transportation, Region 8, Poughkeepsie, New York 
Newark Department of Engineering, Newark, New Jersey 
Wayne State University, Detroit, Michigan 
West Virginia University, Morgantown, West Virginia 
There have been a number of evaluations of the film. All have been 
favorable, and all were oral. The Ohio Department of Transportation is 
particularly enthusiastic about all of the films, and uses them regularly 
to train their traffic engineers. The Ohio DOT recently requested a copy 
of the script of "Loop-Occupancy Control" so that its engineers could have 
a hard-copy reference for further study. 
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A SECTION TECHNICAL REPORT 
Large-Area Detection at Intersection Approaches 
By Technical Committee 17, Southern Section ITE 
This is a companion to SSITE Technical 
Committee 18's report entitled "Small-
Area Detection at Intersection Ap-
proaches" published in Traffic Engineer-
ing February 1974. Both reports have 
been prompted by the fact that the subject 
of detection at intersection approaches 
has not been covered comprehensively and 
coherently by traffic engineering text-
books and reference works. The student of 
the subject soon finds that his search for 
workable solutions leads to sources which 
are mostly unpublished and obscure. The 
problem is compounded by the many mis-
understandings, errors, omissions and 
perversions of terminology that abound in 
the traffic-signal field. 
The purpose of this report, then, is to 
pull together a large number of references 
into a coherent restatement of the rela-
tionship between controller operation and 
large-area-detector design. Like the re-
port on small-area detection, the present 
report attempts to expose and clarify the 
compromises that are forced on the traffic 
engineer in his efforts to reach his design 
objectives. If the detection system must 
fall short of the ideal because of limita-
tions of budget or hardware capability, 
then let that be as a result of trade-offs 
and compromises made intelligently and 
rationally, with full realization of the ef-
fects on intersection safety and efficiency. 
A film produced under a National Sci-
ence Foundation grant by the School of 
Civil Engineering, Georgia Institute of 
Technology, "Loop-Occupancy Con-
trol," complements this report. The film 
is on loan to higher education institutions 
and traffic engineering agencies of all 
kinds. For further information, contact 
Peter S. Parsonson, School of Civil Engi-
neering, Georgia Institute of Technology, 
Atlanta, GA 30332. 
Members of S I 	Technics 	orn- 
mittee 17 were: Donald E. Holloman (A); 
Richard P. Kramer (A ); Phil B. Nich-
oles; Harold M. Ray nor Jr. (F); David 
C. Ritchie; and Thomas L. Stout (A). 
Peter S. Parsonson (F) 
Chairman 
Large-area detectors are usually loop de-
tectors' but occasionally multiple magn-
etometer detectors. 2 The scope of this 
report is limited to the former type, with 
which the SSITE has experience. 
Large-area detectors are operated in 
the presence mode, meaning that the call 
of a vehicle in the detection area is in-
tended to be held for as long as the ve-
hicle remains in that area. They are often 
referred to as "long-loop presence de-
tectors" and are designed to detect ve-
hicles within a zone of substantial length 
upstream of the stop line, as contrasted 
with a point location. The designed 
length may vary from approximately 30 
feet to several hundred feet, depending 
on the design parameters. 
When an approach with large-area de-
tection receives the right of way, nor-
mally the timing of the green signal is 
determined primarily by the length of 
time the detection area is occupied and 
only secondarily by the settings on the 
controller. By contrast, with small-area 
detection, the timing of the green inter-
val is determined primarily by the con-
troller settings and not at all by the 
length of time the detection area is occu-
pied by vehicles approaching the inter-
section. The length of the large-area de-
tection is used in the intersection control 
logic and is an important design vari-
able. 
Throughout this report, the controller 
is invariably specified to have detector 
memory circuits that are "nonlocking" 
rather than "locking." A nonlocking de-
tector memory circuit permits a waiting 
call to be dropped or forgotten by the 
controller as soon as the vehicle leaves 
the detection area.' By contrast, the re-
port on small-area detection' invariably 
specified the controller to have locking 
detector memory circuits, meaning that 
a call on a waiting phase is held by the 
controller, even after the vehicle leaves 
the detection area, until that call has 
been satisfied by the display of a green to 
that phase. A design using small-area 
detectors and a locking controller is re- 
ferred to hereafter as "conventional con-
trol." 
Large-area detectors and their non-
locking controllers are often termed "de-
mand controllers," "loop-occupancy 
controllers" or "lane occupancy con-
trollers.' Some of these terms connote 
or imply that the controller is designed 
to rest or dwell in all red in the absence 
of any call.••• This feature is known to 
have some negative attributes that re-
quire it to be used with considerable cau-
tion.9 .'° There is no experience with this 
feature in the Southern Section. There-
fore, this report is limited in scope to 
conventional controllers designed to rest 
in green. Hereafter, the term loop-occu-
pancy control refers to a design using 
large-area detectors and a nonlocking 
controller that rests in green. 
Advantages and Disadvantages. The 
potential uses for loop-occupancy con-
trol have been recognized since approxi-
mately 1964." Extensive application and 
experimentation by many traffic engi-
neering agencies since that date have re-
vealed the advantages and disadvantages 
of this design concept. 
Potential Advantages. Expressed in 
broadest terms, loop-occupancy control 
overcomes the problem with conven-
tional control of giving no information 
on the traffic that is between the detector 
and the stopline.'•' 2 Figure I (b) drama-
tizes that lack of information as a black-
out, meaning that once a vehicle crosses 
a small-area detector, its subsequent 
whereabouts are unknown to the con-
troller. Therefore, the controller must 
make assumptions. By contrast, Figure 1 
(c) makes it clear that large-area detec-
tion is aware of the presence or absence 
of traffic over a substantial zone up-
stream of the stopline. The assumptions 
required of the control strategy are 
greatly reduced. 
Consequently, the nonlocking con-
troller can discriminate between a false 
call and a genuine call for the green. For 
example, a vehicle that turns right on red 
represents a false call, which is dropped 
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by the controller as soon as the car 
leaves the large-area detector." A sim-
ilar example is the vehicle that turns into 
a corner service station before arriving 
at the stopline." A left-turning vehicle 
that succeeds in clearing the intersection 
during a permissive green interval is an-
other example of a false call, inasmuch 
as a protected left-turn phase is no 
longer required." In all of these exam-
ples, the inefficiency of changing the 
right of way to an empty approach is 
avoided. 
Once the green is obtained, the non-
locking controller need not assume a 
certain number of waiting cars and a 
fixed discharge rate, as is necessary with 
conventional control.' A direct account 
of the traffic demand is given, be the 
discharge sluggish or normal." In the 
event of a sluggish discharge or a jam," 
no vehicle can be trapped.* Moreover, 
the green can be terminated promptly 
and efficiently, which is especially im-
portant for the reduction of delay at 
multiphase, multilegged and congested 
intersections. 
Unlike conventional control, loop-oc-
cupancy control does not require a call-
ing detector" to avoid trapping a vehicle 
that has entered the approach from a 
driveway close to the stopline. 
Potential Disadvantages. Certain of 
the advantages of loop-occupancy con-
trol are in reality two-edged swords that 
can be detrimental to traffic safety and 
efficiency. 
Perceptive motorists may realize that 
they can discharge sluggishly without 
losing the green by gapping out. 
A safety problem may be created by 
the minimization of green times. In par-
ticular, the needs of pedestrians and chil-
dren on bicycles must be taken into ac-
count; their detection is of particular 
importance with this form of control." 
Also, designs for high-speed inter-
sections must avoid greens so short as to 
conflict with driver expectations."'" 
.19.20.21.22 
Dilemma-zone protection at high-
speed intersections introduces problems 
in that a continuous detection area sev-
eral hundred feet long must be created in 
one way or another.' A long detection 
area, in turn, necessitates a long allow-
able gap, inasmuch as this form of con-
trol does not have the gap-reduction ca-
pability of a "density" controller." 
Therefore, the controller's ability to per-
ceive gaps is impaired; with only . moder- 
ate volume conditions the controller 
may routinely extend the green to the 
maximum interval." 
A long loop tends to have inadequate 
sensitivity; attempts to increase the sen-
sitivity may result in false actuations 
• This feature is especially valuable when traffic is 
halted on a green signal because of emergency ve-
hicles or funeral processions. 
Figure 1. Contrast between small-area 
and large-area detection." 
from vehicles in adjacent lanes 
("splashover'').' Lack of sensitivity, es-
pecially at the center of the loop, may 
result in failure to detect a small vehicle 
or failure to hold the detection for an 
adequate length of time. North Carol-
ina, for example, reports difficulty in ob-
taining detector units capable of a 30-
minute hold of a full-sized vehicle in a 
6x70-foot loop. Such a hold capability is 
needed on approaches that remain satu-
rated during rush hours; the detector 
must register a continuous, unbroken 
"on" for up to 30 minutes." (See box for 
the North Carolina Detector specifica-
tion pertaining to hold capability.) 
Multiple small loops are one answer 
to the sensitivity problem as they offer 
greater control of both sensitivity and 
inductance. In addition, they provide 
better detection of small vehicles, greater 
resistance to loop damage and easier ad-
justment of length detection area.' Im-
provements in detector electronics and 
innovative long-loop configurations 
such as the Quadrupole" are the most 
recent answers to long-loop problems. 
Application to Left-Turn Lanes. Left-
turn lanes with separate signal control 
North Carolina Specification for the 
Hold Capability of Loop Detectors 
The following is excerpted from 
the Traffic Signal Specifications of 
the North Carolina Department of 
Transportation, Division of High-
ways, revision dated December I, 
1974, Section 54, paragraphs 3.6.1 
and 3.6.2. 
"In the extended mode of oper-
ation the detector shall exhibit a pres-
ence time of not less than 30 minutes 
when attached to a 6-foot by 6-foot 
loop, with 3 turns and 1,000 feet of 
lead; and a presence time of 5 min-
utes when attached to a 6-foot by 
100-foot loop with 1 turn and 200 feet 
of lead. Both presence times shall be 
measured with a vehicle covering no 
more than 20 percent of the total 
loop area. 
"In the pulse mode of operation 
the detector shall sense the presence 
of a vehicle for not more than I sec-
ond and not less than 0.5 second. Re-
set time for the detector in both the 
pulse and presence modes of oper-
ation shall not be more than 0.1 sec- _ 
ond." 
were one of the first significant uses of 
large-area detection and nonlocking 
controllers'•"•" The delay at a multi-
phase intersection, always a problem, 
can often be reduced to a tolerable level 
by this form of control. 
Typical Designs. Figure 2 shows a typ-
ical design consisting of a loop 4 feet 
wide extending 40 feet back from the 
stopline." The small "powerhead" loop 
at the stopline is used because of the 
need to detect small vehicles, as dis-
cussed in detail in another section of this 
report. 
Alternatively, multiple interconnected 
small loops can be used. For example, 
the State of California uses four 6x6-foot 
loops spaced 10 feet apart, for a total 
length of 54 feet. The front loop is at the 
stopline." 
Advantages. One advantage of large-
area detection for left-turn bays is that, 
in the case of exclusive left-turn phasing, 
a vehicle cannot be trapped in the event 
that the discharge is sluggish and the 
vehicle doesn't clear during its normal 
interval.•."." The call is held until the 
vehicle eventually clears. 
Another advantage is that a call 
placed during the yellow cannot bring 
the green back to an empty approach. It 
was this difficulty with conventional 
control that prompted the introduction 
of nonlocking detector memory cir-
cuits.' 
Detection Length and Timing Settings. 
The required length of the detection area 
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Figure 3. T intersection with left-turn presence detection." 
depends on vehicle speed and the con-
troller settings. Inasmuch as the prin-
ciples are no different than for through 
lanes, the design procedure is the same 
as that described in the section herein on 
low-speed approaches. 
The timing adjustments can be set to 
very low values. An initial interval* of 
zero is appropriate because there is no 
minimum green time that must be as-
sured to the left-turn green arrow. 
The vehicle interval setting determines 
the length of time a call will be held after 
the loop is vacated during the green. 
This setting delays the end of the green 
arrow until the driver is firmly com-
mitted to completing the turn. The ve-
hicle interval will be selected between 
zero and one second, depending on the 
location of the front end of the loop, the 
type of turn clearance interval, the num-
ber of lanes the turning vehicle must 
cross and the traffic engineer's philoso-
phy with respect to snappy operation. 
Multiple small loops 10 feet apart re-
quire a vehicle interval setting of one 
• This report assumes a controller of conven-
tional timing design that provides a minimum as-
sured green equal to the initial interval plus one 
vehicle interval (vehicle extension).  
second so that during the green arrow 
interval, the call of a moving small ve-
hicle will be held as it passes from loop 
to loop.' 
Application with Permissive Left-Turn 
Display. Loop-occupancy control can 
help to reduce the problem of delay at 
multiphase intersections to a tolerable 
level. A case in point is the intersection 
with separate left-turn phasing and a 
permissive left-turn display during the 
through movement. At times, oncoming 
(opposing) traffic is light enough to per-
mit left-turning cars to "filter" through 
without the need for a protected left-
turn phase. At other times, the opposing 
through traffic is so heavy that left-turn-
ing traffic must be provided a protected 
movement, with the opposing through 
traffic stopped, in order not to build up 
intolerable delay by waiting left-turn 
cars. Figure 3 shows a three-phase T 
intersection with a substantial left-turn-
ing volume. Phase B uses long-loop-
presence detection and nonlocking de-
tector memory. Left turns are permitted 
during Phase A and protected during 
Phase B. During Phase A, a vehicle that 
turns left (or moves into position to turn 
on the yellow) is cancelled by the Phase 
B control. If two or three left-turning 
vehicles wait in the left-turn bay. they 
hold in a call for Phase B. When Phase A 
terminates in the normal manner, the 
lagging protected left-turn phase is in-
serted into the cycle.* 
By contrast, conventional control of 
intersections with separate left-turn 
phasing could not omit the protected 
movement. The locking feature of the 
controller would require the display of a 
green arrow to an empty approach. 
A leading left turn, also, can benefit 
by the application of loop-occupancy 
control. Left-turning vehicles that arrive 
during the through movement interval 
hopefully will be able to complete their 
turns before the right of way changes. 
Application of Delayed-Call Detection. 
A shortcoming of the design scheme of 
Figure 3 is that Phase B will be called 
needlessly if the green signal is resting in 
Phase A at the time the left-turning ve-
hicle arrives. The solution is to use de-
layed-call detection for the left-turn bay. 
A delayed-call detector is one that is fur-
nished with an adjustable timer so that 
the detector outputs to the controller 
only if a vehicle is continuously detected 
beyond the preset time period. The use 
of a delayed-call detector is a left-turn 
bay allows the detector (and controller) 
to ignore vehicles that are in transit over 
the loop. Hopefully, the vehicle is able to 
make its turn on the permissive green 
signal before the detector times out, thus 
avoiding the display of a green arrow to 
an empty approach. If traffic demand is 
heavy enough to call the green arrow, a 
"delay defeat" feature provides normal 
detector operation during that interval. 
With delayed-call detection, the front 
end of the loop is strategically located, 
as in Figure 2. It is set back far enough 
so that the first one or two waiting ve-
hicles have pulled off the loop. (One or 
two can always turn on the yellow and 
therefore don't need a separate phase.) 
The presence of a second or third wait-
ing vehicle is detected and is the warrant 
for the separate phase. 
Detection of Small Vehicles. Traffic 
control devices apply to all registered 
motor vehicles. Therefore, traffic-re-
sponsive signals should provide ade-
quate service to the motorcyclist. 
Detection Requirements. A presence 
detector should be capable of detecting a 
small motorcycle and holding its call un-
til the display of a green to that phase. If 
the call were to be dropped prematurely 
by the detector, the motorcyclist could 
become trapped on a red signal. 
• Two precautions should be taken with !ageing 
left-turn designs: One. that the left-turn ba) must be 
long enough to store the expected queue; two, that 
driver expectation must not be ignored. The use of a 
lagging green at a high-speed. four-legged inter-
section may create a serious safety problem for left. 
turning drivers who mistakenly assume that both 
directions are being stopped at the same time."" 
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Detector Design. The reason that a 
call may be dropped prematurely is that 
most modern detectors include circuitry 
intended to compensate for environmen-
tal drift, primarily due to changes in 
temperature and moisture. This circuitry 
has the effect of neutralizing a weak de-
tection from a small vehicle within a pe-
riod of perhaps less than one minute. If 
the detector is designed to disable the 
environmental drift circuitry during the 
vehicle detection, then it is possible that 
"lock-out" will occur during periods of 
heavy rainfall." Therefore, improve-
ment in the capability of holding the 
detection of small vehicles can be ob-
tained only at the expense of reducing 
the capability to compensate for envi-
ronmental drift. The two design goals 
are mutually conflicting. Traffic engi-
neers in climates that experience high 
rates of environmental drift must arrive 
at an appropriate compromise or trade-
off in their designs for the detection of 
small motorcycles. 
Time of Detection Hold. The State of 
California specifies detection to be ca-
pable of holding the call of a I00cc 
Honda for a period of three minutes." 
The SSITE committee is of the opinion 
that 30 to 60 seconds is adequate for 
most intersections within its own area. 
The risk of trapping a vehicle exists only 
under light traffic conditions, at a time 
when the controller's cycle is short. 
Therefore, the required time of hold 
should match the shorter cycle times ob-
served at an intersection. It will be a 
variable dependent on specific local con-
dition. 
Detection Capabilities of Long Loops. 
A small motorcycle will not produce a 
sufficient shift of inductance of a loop 
that is 6 feet wide and 20 feet or more 
long. 32 The vehicle will not be detected at 
all, let alone held for a minute or more.* 
Long Loops with Powerheads. Small 
loops have less "dead area" in their cen-
ters and therefore are better able to de-
tect small vehicles. One solution to long-
loop detection of motorcycles is the in-
clusion of a small-area "powerhead" at 
the stopline, as shown in Figure 2. 
Angled Powerheads. The standard 
powerhead can be improved by angling 
the transverse wires as shown in Figure 
4. The refinement causes the motorcycle 
to cut the lines of flux more efficiently, 
thereby increasing the signal by 25 per-
cent." 
Detection across multiple lanes is de-
signed with the powerheads in chevron 
configurations, reversing angles at the 
lane lines." 
The detection of small motorcycles is 
• A partial solution is to "squeeze" the sides of 
the loop at the center into an hourglass shape (no 
less than 4 feet of lateral separation) and to set the 
sensitivity as high as possible without introducing 
"splashover" from vehicles in adjacent lanes." 
Figure 4. Angled powerhead." 
held for an adequate time by this de-
sign,' 
Disadvantages of Powerheads at Stop-
line Only. A design using powerheads 
only at the stopline has several dis-
advantages. One is that the motorcycle 
may not stop on it unless it is clearly 
indicated by paint. 
Also, by failing to detect the motor-
cycle until it reaches the stopline, pow-
erheads do not give motorcycles the 
same consideration (level of service) as 
other motor vehicles.' For example, if 
the green is resting on the cross street, 
the approaching motorcycle is delayed 
in obtaining the green. If the motorcy-
clist already has the green, he may well 
lose it by gapping out, because he must 
rely on the vehicle extension from the 
vehicle in front of him to extend the 
green long enough for him to reach the 
stopline. That is, the allowable gap im-
posed on him is the vehicle interval set-
ting, which may be very short. 
A solution to these two latter prob-
lems is to install a second powerhead at 
the upstream end of the long loop. With 
a vehicle interval setting of approxi-
mately one second, the controller will 
hold the call continuously as the motor-
cycle traverses the detection area on the 
green signal. 
Multiple Small Loops. Multiple inter-
connected small loops have the follow-
ing advantages over a long loop with a 
single powerhead: 
• Greater reliability—one long loop is 
more subject to damage because of pave-
ment failure. If one of the loops of a 
group becomes inoperative, it can be dis-
connected from the others and the sys-
tem will continue to operate. When this 
is done, the vehicle interval should be 
checked to make sure that a vehicle does 
not lose the right of way while in the 
area of the disconnected loop. 
• Greater sensitivity control—the sensi-
tivity can be controlled much better by 
means of multiple small loops. When a 
long loop is used, the sensitivity must be 
set high; in many cases this can produce 
false calls from vehicles in adjacent lanes 
(splashover). 
• Optimum inductance capability—when 
multiple loops are used, the total loop 
inductance may be made very close 
to the optimum by connecting the loops 
either in series or in parallel, or in some 
combination of series-parallel. For ex-
ample, the four 6x6-foot loops discussed 
briefly in the section on application to 
left turns would be wired in a combina-
tion of series-parallel, as shown in Fig- , 
 ures 5 and 6. 
• Greater detection ability—the small 
vehicle will be detected when it reaches 
the first loop, rather than at the stopline; 
the motorcycle, as a licensed vehicle, is 
given the same consideration as all other 
vehicles. 
If the green is resting on the cross 
street, the approaching motorcycle will 
cause the signal to change as soon as it 
arrives at the first loop. 
If the motorcyclist already has the 
green, he can extend it by his arrival at 
the first loop. The allowable gap im-
posed on the motorcycle is approxi-
mately the same as for all other vehicles. 
However, a motorcycle of the size of a 
100cc Honda may not be adequately' de-
tected by multiple small loops. When 
stopped on one of four 6x6-foot inter-
connected loops, it gives an inductance 
shift of only 0.03-0.05 percent. This sig-
nal is only one-fifth as great as that ob-
tained with the angled powerhead. A de-
tector with full capability for tracking 
environmental drift will not reliably 
hold such a call for the three minutes 
specified by California." 
Powerheads and Multiple Small Loops. 
The development of powerheads and 
multiple small loops resulted in im-
proved detection of small vehicles. These 
advances were important developments 
in the history of loop-detector technol-
ogy. However, their use appears to be 
decreasing now that the remarkable 
Quadrupole loop configuration described 
in the following is available. 
Current Innovations. Research in 
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Figure 7. Quadrupole loop configuration, 
single layer ("I-2-1"). 
Curb 




L-1 connected to 1 and 2 
L-2 connected to 3A and 4A 
Notes 
1. Separate pull box should be installed. 
2. All leads should be tagged. 
3. Insulation test for each loop to ground 
•must not read less than 10 megohms to 
infinity. 
1 1A 2 2A 3 3A 4 4A  
Connection 
1. to L - 1 
2. 1A to 4 
3. 2 to L-1 
4. 2A to 3 
5. 3A to L-2 
6. 4A to L-2 
Figure 5. Series-parallel connections for multiple loops. 21 
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Figure 6. Series-parallel connections for multiple loops." 
wires counteract the fields of the outer 
wires, which have their currents flowing 
in the opposite direction from the center 
wires. The influence of the outer fields is 
diminished, reducing the possibility of 
splashover. This configuration has been 
field tested in the Southern Section lTE 
and found satisfactory. The single layer 
("I -2-1 — ) configuration in Figure 7 is 
intended for automobiles, trucks and 
large motorcycles: a double layer ("2-4-
2") design is recommended for the de-
tection of bicycles and small motorbikes. 
Figure 8. Extension of loop beyond 
stopline." 
General Application to Through Lanes 
and Right-Turn Lanes. This section dis-
cusses design features that are not af-
fected by approach speed. Subsequent 
sections deal with specific features of 
low-speed and high-speed approaches. 
Operation at the Stopline. As shown in 
Figure 8. the front end of the loop 
should be extended beyond the stopline 
to 5 feet back from the extended curb 
line of the intersecting street." During 
the green interval, this design holds the 
call of the vehicles starting up until their 
drivers are firmly committed to clearing 
the intersection. 
As a vehicle moving on the green 
passes over a loop, its call will be held 
for the length of time it remains in the 
loop plus whatever vehicle interval set-
ting is on the controller. Any vehicle 
interval setting greater than zero in ef-
fect extends the loop into the inter-
section and postpones the detection of a 
gap in traffic. Some traffic engineers' 34 
therefore insist on a vehicle interval of 
zero in order to minimize delay. On the 
other hand, there has been some experi-
ence in the Southern Section that drivers 
tend to feel uncomfortable when they 
can see the signal go to yellow while they 
are still in the vicinity of the stop line 
and therefore, a vehicle interval setting 
long enough to avoid this driver com-
plaint is preferred. 
large-area detection is developing new 
loop configurations and detector units. 
A new configuration originally devel-
oped by the Canoga Controls Corpo-
ration, the Quadrupole design, 22 - 35 is 
shown in Figure 7. The new configura-
tion adds a longitudinal sawcut along 
the center of the lane. The loop wires are 
installed in such a way that the center 
wires have their currents flowing in the 
same direction. Their fields reinforce 
each other and improve the capability of 
detecting small vehicles. The center 
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Based on a Desired Allowable Gap of 
3 Seconds and an Average Vehicle Length of 
18 feet 
L = Length of Detection Area 
= 1.47 V (3 — V.I.) — 18 
Where V is Approach 
Speed in mph 
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Figure 9. Long-loop presence detection for nonlocking controllers. 
2 
30 X 1.47 =1 seconds,  
92 + 18 
Right-Turn-on-Red Application. As 
mentioned briefly earlier, loop occu-
pancy control is capable of dropping the 
call of an approaching vehicle that turns 
right on a red signal. However, before 
the vehicle leaves the loop it may cause 
the green to come unnecessarily to that 
approach. The nonlocking feature of the 
controller may not be enough in itself to 
successfully screen right turns without 
serving an empty phase. The degree of 
success depends to a large extent on the 
traffic pattern and the controller used.* 
Screening at Isolated Intersections. 
The screening of right turns at isolated 
(noninterconnected) locations can be 
performed by delayed-call detectors'-" 
in the same way as described for left-
turn applications. Vehicles that enter the 
detection area during the red interval do 
not place a call into the controller imme-
diately but rather start the adjustable 
time delay. At the termination of the 
preset interval, usually 10 to 30 seconds, 
the call is placed into the controller. 
Screening at Coordinated Inter-
sections. At interconnected intersections, 
the background cycle is used to screen 
right turns.' The permissive period, usu-
ally set at about 10 percent of the cycle 
length, is the only time during which 
vehicle calls can be answered by the con-
trol ler. 
Low-Speed Approaches. This section 
discusses the design of large-area detec-
tion (and the timing settings) for low-
speed approaches—those with approach 
speeds of no more than 25 to 30 mph. 
Many minor side streets in urban areas 
are in this category. The stem of a T 
intersection is the ideal. 
Safe Minimum Green. If the initial in-
terval is set at zero and the vehicle inter-
val is between zero and one second, 
then, under light traffic conditions, a 
green as short as two to four seconds will 
be observed. A green interval of this 
length needs to be examined for compat-
ibility with driver expectation and the 
needs of pedestrians and bicyclists. 
Driver Expectation. Drivers appear 
not to be surprised or confused by a 
green signal of two to four seconds if 
they are approaching at a low speed on a 
minor side street. Vehicular accidents at 
such intersections do not vary signifi-
cantly in number and severity from 
those at comparable intersections with 
conventional control. ". 10 ."."."." 
Pedestrians and Bicyclists. A green in-
terval as short as two to four seconds 
does not begin to meet the needs of pe-
destrians and bicyclists. 
If pedestrians are present, then pedes-
trian-actuated timing should be pro-
vided. 22 . 4" However, not all pedestrians 
• The controller must he able to revert W the rest 
in WALK condition after having timed the pedes-
trian clearance interval. Modular controllers ha%e 
. this capability.'  
can be counted on to push the detection 
button. 
Children on bicycles normally depend 
entirely on the vehicular green time. 
They are particularly vulnerable to short 
greens.' Special loops for bicycle detec-
tion are used in Europe.' 
The traffic engineer must be alert to 
those situations in which a safe min-
imum green interval must be assured by 
setting the initial interval to 10 to 15 
seconds. In these instances, snappy re-
sponse to vehicular traffic must be sacri-
ficed in the interest of safety. 
Design of Loop Length and Timing 
Settings. The loop length is determined 
by the approach speed, the vehicle inter-
val setting and desired allowable gap. 
Approach Speed and Vehicle Interval. 
The call of a vehicle moving on the green 
will be held for the length of time it 
remains in the loop plus whatever ve-
hicle interval setting is on the controller. 
For example, a vehicle 18 feet long trav-
eling over a loop 92 feet long at 30 mph 
will remain in the loop for 
where the 1.47 converts 30 mph to feet 
per second. If a vehicle interval of one-
half second is set on the controller, then 
that vehicle produces a call lasting 21/2 + 
1/2 = 3 seconds. If another vehicle is fol-
lowing no more than three seconds be-
hind, then the call for the green will re- 
main unbroken. A succession of vehicles 
no more than three seconds apart could 
extend the green out to the maximum 
setting. 
Graph for Determining Loop Length. If 
the allowable gap is selected to be three 
seconds, and the average vehicle length 
is not substantially different from 18 
feet, Figure 9 can be used to select the 
length of detection area for any ap-
proach speed up to 30 mph and for ve-
hicle interval settings from zero to 11/2 
seconds. 
Figure 9 must not be extrapolated to 
speeds over 30 mph because the dilemma 
zone must be taken into account at these 
higher speeds. 
Designs for a 30 -mph Approach Speed. 
For an example approach speed of 30 
mph, Figure 9 indicates a length of de-
tection area between 50 and 115 feet, 
depending on the vehicle interval setting. 
If the traffic engineer insists on a ve-
hicle interval setting of zero, then his 
task is to design a detection area 115 feet 
long that is able to detect a small motor-
cycle for its entire length and hold its 
presence for three minutes at the stop-
line. The SSITE committee is not aware 
of a way to achieve this without resort-
ing to the use of more than one detector 
unit for the approach. A satisfactory de-
sign using a supplementary "stretch" de-
tector is described below in the section 
on high-speed approaches. 
If a vehicle interval of one-and-one-
half seconds is acceptable to the traffic 
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engineer, then a detection area only 50 
feet in length will give the desired allow-
able gap of three seconds. An angled 
powerhead at the stopline will hold the 
call of a waiting motorcycle for three 
minutes, and an additional powerhead 
at the other end will assure the motorcy-
clist of his three seconds of allowable 
gap. 
The Committee's Opinion. It is seen 
that the traffic engineer at present is 
forced to compromise his design objec-
tives or else use more than one detector 
unit for each approach. The cost of addi-
tional detector units is small as com-
pared with the cost of the total installa-
tion of a long-loop detection system. 
Therefore, the committee is of the opin-
ion that it is false economy to reduce the 
number of detector units to the point 
that detection becomes the weakest ele-
ment of the intersection control scheme. 
High-Speed Approaches. A different 
approach is required for the design of 
large-area presence detection for high-
speed approaches—those with approach 
speeds over 30 mph. 
Dilemma-Zone Problem. At these 
higher speeds, a dilemma zone exists 
within which fast-moving drivers are of-
ten indecisive *.41.42  The solution to this 
problem is to detect traffic before it en-
ters the dilemma zone. SITE Com-











These recommendations are based on 
research"-" on driver reaction to the yel-
low interval, but turn out to be in very 
close agreement with the minimum stop-
ping sight distance recommended by 
American Association of State Highway 
and Transportation Officials. The agree-
ment is striking. 
These set-backs correspond to four-
and-one-half to five seconds of passage 
time. 
Multiloop Design. One method to ob-
tain detection over a length of several 
hundred feet is to use multiple 6x6-foot 
loops wired in a combination of series-
parallel. Sufficient vehicle interval must 
be set on the controller to hold the green 
as a vehicle passes from loop to loop. 
A multiple-loop design for a 50-mph-
approach speed is shown in Figure 10. It 
is based on a vehicle interval setting of 
two seconds. 
Loop 1 is set back 350 feet to give 
dilemma zone protection for a vehicle 
approaching at 50 mph. 
Loop 2 should be located to allow a 
15' 	I 
25' 
Figure 10. Multiloop design for 50-mph 
approach speed. 
50-mph vehicle to hold the green, but 
should cause a straggler at 35 mph to 
lose his green by gapping out before 
reaching his dilemma zone. A 35-mph 
vehicle will travel 103 feet during the 
two-second passage time. If the vehicle is 
18 feet long, the clear distance between 
loops 1 and 2 must exceed 103 + 18 
=121 feet in order to assure gap-out. 
This is 350 — 121 — 6 = 223 feet back 
from the stopline and is upstream of his 
dilemma zone (which extends to 215 
feet). 
A check should be made to assure that 
the 40-mph vehicle will not gap out 
while in his dilemma zone. A 40-mph 
vehicle will travel 118 feet during the 
two-second passage time. If the vehicle is 
taken to be 6 feet long (a motorcycle). 
the clear distance between loops 1 and 2 
must not exceed 118 + 6 = 124 feet. 
Therefore, a clear distance of 121 to 
124 feet is appropriate. It is easy to show 
that the 50-mph vehicle (even a motor-
cycle) can extend the green comfortably. 
Four additional loops numbered 3 
through 6 are placed, as shown in Figure 
10, to account for reduced speed as ve-
hicles approach the intersection on the 
green and to permit queue discharge to 
take place without premature gap-out. 
Loop pairs 1 and 2, 3 and 4, and 5 and 
6 are each series connected, and each 
pair is wired in parallel. This six-loop 
design requires four ttinve‘ for each 6X6-
foot loop. turns 
Design Using Stretch Detectors. An-
other method of obtaining detection  
over a length of several hundred feet is 
to install a 6X6-foot extended-call de-
tector ("stretch" detector) upstream of 
the dilemma zone. The stretch detector 
unit includes an adjustable timer that 
holds a call for a preset number of sec-
onds after the vehicle leaves the detec-
tion area. 
The State of California uses a 70-foot 
loop at the stopline supplemented by a 
single 6X6-foot stretch 250 to 350 feet 
from the stopline, depending on the ap-
proach speed." 
"Green Extension Systems" have 
been designed that use a stretch detector 
upstream of the dilemma zone and a 
second stretch detector strategically lo-
cated closer to the stopline 4' When 
used with nonlocking controllers. a pres-
ence loop is added at the stopline." Ex-
tensive experience with green-extensions 
systems has been reported by Huntsville, 
Alabama; Palm Beach County, Florida; 
and the Bartow District of the Florida 
Department of Transportation. 
The Problem of Allowable Gap. Both 
the multiloop and the stretch-detector 
designs require undesirably long allow-
able gaps in order to achieve dilemma-
zone protection. 
The multiloop design detailed above, 
with its two-second vehicle interval and 
its five-second set-back of loop 1, will 
allow a succession of 50-mph vehicles 
each seven seconds apart to hold the 
green. 
A stretch-detector design is much to 
be preferred because the stretching of a 
call during the green is performed by the 
detector rather than the vehicle interval 
of the controller. Therefore, the vehicle 
interval can be set close to zero and the 
allowable gap will be five to six seconds. 
In either design, the allowable gap is 
higher than the normally desired range 
of three to four seconds and is seriously 
in excess of the two to three seconds 
typically set as the low limit on "den-
sity" controllers. The controller's ability 
to detect gaps in traffic is substantially 
impaired. 
As a result, moderate traffic w ill rou-
tinely extend the green to maximum set-
ting—an undesirable situation. 9 - 23 .“ 
Conclusion. High-speed approaches 
should use loop-occupancy control only 
if a route is lightly traveled, carrying no 
more than 8,000 to 10,000 ADT. 
High-speed approaches on heavily 
traveled routes require a form of control 
that permits the allowable gap to be in-
dependent of the passage time from the 
upstream detector to stopline. A density 
controller' is designed to do this. 
The intersection on a high-speed ar-
tery with a low-speed crossroad might 
well use a controller with density capa-
bility on the artery and loop-occupancy 
control for the crossroad. 
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Figure 11. Condition diagram for short-green study. 
Figure 12. Short-green problem at high-speed approaches. 
trol have proceeded from California re-
search. 
Experiments in California. This report 
is concerned primarily with experience 
in the Southern Section ITE. However. 
the committee thought it appropriate to 
bring to the attention of the reader the 
Fact that important experimentation in 
large-area detection has been performed 
in California. It is apparent that loop-
occupance control for approaches with 
high speeds or variable high-to-low 
speeds is so complex as to require a sepa-
rate state-of-the-art report. 
Shifting Presence Zone Detection. Sac-
ramento County has developed a "shift-
ing presence zone detection" which rec-
ognizes that during congested (low-
speed) traffic the detection area should 
be shortened, and that for high-speed 
conditions, the detection zone need not 
extend closer than two seconds of travel 
time from the stop line. Reference 45, 
quoted in its entirety in Reference 46, 
describes this design. 
Area Detection. Like the green exten-
sion system, the concept of area detec-
tion used in San Diego"•" employs a 
series of stretch detectors so that the gap 
between vehicles can be monitored along 
the entire approach. A "primary" long-
loop detector at the stopline is dis-
connected as soon as that area is vacated 
after the start of the green. A "second-
ary" long loop close behind the primary 
loop is always in use. Additional magne-
tometer detectors are included to a dis-
tance of 800 feet from the stopline. A 
volume-level indicator automatically 
disconnects some of the magnetometers 
when traffic speed falls to the point 
where a shorter detected area is prefer-
able for efficiency. All are in service 
when low volumes indicate high speeds. 
Minicomputer Control. California has 
developed the use of the minicomputer 
to supply conventional logic and what-
ever innovations can be devised by the 
traffic engineer. The auxiliary detector 
logic can all be performed internally, 
with no "black boxes" of relays and no 
terminal-strip programming. One ad-
vantage of this type of controller is that 
the control of the green termination can 
be tailored to the exact speeds of the 
vehicles in the vicinity of the dilemma 
zone. The main advantages of mini- and 
microcomputers in the area of traffic 
control are pointed out as Follows:" 
speed of data processing; capability of 
accommodating numerous timing plans; 
and practically unlimited addition of 
phases and programs without major 
overhaul or replacement. 
The Short-Green Problem on High-
Speed Approaches. The preceding sec-
tion pointed out that large-area detec-
tion for high-speed approaches must ex-
tend beyond the dilemma zone, typically 
250 to 350 feet back from the stopline. 
lf, instead, a relatively short loop, 100 
feet or less, were installed on a high-
speed approach, there would of course 
be no dilemma-zone protection. How-
ever, there would be an additional prob-
lem relating to driver surprise and con-
fusion, due to the possibility of timing a 
short green." 
An Atlanta Case Study. This short-
green problem as experienced at a loop-
occupancy-controlled intersection in the 
Atlanta area has been documented in 
detail.' The location w as the subject of a 
number. of complaints that the green  
changed too quickly."' The intersection 
is located in a fringe suburban area, with 
45-mph approach speeds and ADTs of 
approximately 3,000. It is an isolated 
signal location and pedestrians are not a 
factor. The condition diagram. Figure 
II, indicates that the approaches are 
single-lane and the long-loop presence 
detection is 75 to 100 feet in length. 
A description of the problem at this 
intersection can best be described with 
drawings. Figure 12 shows Vehicle A 
waiting on a long loop. having already 
placed a call for the green interval. Ve- 
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Figure 13. Short-green problem at high-speed approaches. 
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Figure 14. Short-green problem at high-speed approaches. 
hicle B is approaching the intersection 
and is receiving the yellow change inter-
val since it is not yet in the area of detec-
tion. Vehicle C is shown as it is just 
leaving the intersection, having just 
pulled out of the area of detection, al-
lowing the controller to answer A's call. 
Figure 13 shows Vehicle A receiving 
the green interval and beginning to pull 
out of the area of detection. At the same 
time, Vehicle B has entered the area of 
detection and is registering a call for the 
green interval. Another vehicle, D, has 
now entered the picture and the driver is 
looking at a green signal indication. The 
driver's expectations lead him to believe 
that the signal will remain green as he 
has just seen it turn green. 
Figure 14 shows that Vehicle A has 
pulled completely out of the area of de-
tection, freeing the controller to answer 
Vehicle B's call for the green indication 
and making the controller show a yellow 
change interval to Vehicle D, which is 
not yet in the area of detection. The 
driver of Vehicle D has just seen a green 
indication which lasted only as long as it 
took the driver of Vehicle A to pull out 
of the area of detection. Surprised by the 
unexpected change of the signal, the 
driver of Vehicle D may panic and not 
react to the yellow change interval al-
though he has plenty of time to stop. 
Figure 15 shows Vehicle B receiving 
the green interval and pulling into the 
intersection at the same time Vehicle D 
is receiving the red interval, but due to 
the unexpected shortness of the green 
indication he received, he has failed to 
stop. He has proceeded into the inter-
section, causing a right angle collision or 
a near miss. 
This short-green problem at high-
speed approaches has been confirmed by 
many sources. 10•19•20.22 Apparently, it is 
most pronounced at intersections with 
single-lane approaches," because head-
ways are more likely to exceed the length 
of the loop. However, there is ample evi-
dence• 19. 22 that multilane approaches are 
also susceptible to the problem. 
The short-green problem at high-
speed intersections is an illustration of 
the fact that when a driver's expectation 
is incorrect, either it takes him longer to 
respond properly or, even worse, he re-
sponds poorly or wrongly." 
Conclusion. A speedy solution to the 
short-green problem is simply to add 
sufficient initial interval to the controller 
setting to assure vehicular movements 
no less than eight seconds of green time. 
Eight seconds are sufficient to meet 
driver expectations.`."." 
However, this solution does nothing 
to alleviate the classic dilemma-zone 
problem related to the yellow interval. 
The provision of full-length detection 
will correct both the short-green and the 
dilemma-zone problems." 
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Figure 15. Short-green problem at high-speed approaches. 
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NSPE Gets Technicians 
Certification Program 
Contract from FHWA 
The National Society of Professional 
Engineers has been awarded a 559,000 
contract by the Federal Highway Ad-
ministration to develop a program for 
the certification of highway engineering 
technicians. The one-year contract will 
be administered by NSPE's Institute for 
the Certification of Engineering Tech-
nicians (ICET) under the direction of 
ICET Executive Secretary Joseph M. 
Snarponis. A full-time prinicpal in-
vestigator will be hired to work with an 
eight-member task force on certification 
appointed by 1C ET with the help of the 
American Association of State Highway 
and Transportation Officials. 
The contract calls for ICET to set 
forth academic and practical achieve-
ment requirements for highway engi -
neering technicians and to develop a de-
tailed certification procedure, including 
designation of technicians certification 
levels, the technical disciplines in which 
they would be certified and the relation-
ship between certification and career de-
velopment. 
Rules of the Road 
Driving in the United States is becom-
ing safer and less confusing as a growing 
number of states modernize their traffic 
laws to conform with the model "Rules 
of the Road" provisions of the Uniform 
Vehicle Code, according to the U.S. De-
partment of Transportation. 
The department's National Highway 
Safety Administration estimates that 37 
states are close to full adoption of the 
code's traffic rules. The balance, how-
ever, have traffic laws that are obsolete 
and nonuniform. The rules cover obe-
dience to laws, traffic control devices, 
use of the roadway, right of way for 
vehicles and pedestrians, turning, special 
stops, speed, serious traffic offenses, stop-
ping and parking, bicycles, motorcycles 
and miscellaneous traffic rules. 
Kansas has achieved 95 percent con-
formity with the code, followed by 
Georgia with 82 percent, Nebraska, 
Maryland and Washington, 71 percent. 
and Florida with 70 percent. The lowest 
ranking states are Massachusetts (20 
percent), Pennsylvania (22 percent) and 
Oregon (22 percent). 
The greatest progress made in con-
forming with the code rules during the 
past five years has been in the areas of 
permitting right turns on a red light and 
in motorcycle laws. 
All states, with the exception of Ver-
mont and the District of Columbia. now 
permit right turns on red. Most of these 
states (33) have adopted the "Western"  
rule allowing a right turn at any inter-
section except when a sign prohibits the 
turn. The balance of the states use the 
"Eastern" rule, which permits turns only 
where signs are posted. Most of these 
states are now switching to the more 
liberal Western rule. 
Thirty-four states and the District of 
Columbia have amended their laws on 
the operation and equipment of motor-
cycles to conform with code provisions 
which require the wearing of safety hel-
mets and other safety gear for both driv-
ers and passengers. Forty-eight states re-
quire motorcyclists to wear helmets. 
Significant progress has also been made, 
according to NHTSA, in state adoption 
of uniform laws on traffic signs, sig-
nals and road markings. 
Despite such gains, the agency notes, 
55 percent of the variances among state 
traffic laws involve rules describing when 
drivers should yield the right of way to 
other drivers and rules on the meaning 
of green, yellow and red lights. 
Photolog System Saves 
Money for Idaho 
A recent survey shows that the State 
of Idaho's six highway districts save 
about 5120,000 annually with a high-
way photologging and inventory project 
begun in 1973. James L. Pline (F), traffic 
supervisor, Idaho Transportation De-
partment and 1TE Board member, says 
this is possible because of the reduced 
need for field trips requiring numerous 
man-hours and transportation expenses 
for department personnel. 
The specially equipped photolog van 
takes 35mm film strips of the highway 
and its surroundings every 1/100th mile. 
This method provides engineers with an 
immediate visual reference to any stretch 
of Idaho's 5,000-mile highway system. 
Pline points out that the photolog sur-
vey has a variety of uses, among them 
the opportunity to study highway acci-
dent sites, to inventory and evaluate 
traffic control signs and signals. to mon-
itor compliance with billboard regu-
lations, assess the effectiveness of junk-
yard screening and provide a historical 
record for estimating damages to the 
highways. 
Photologging of the entire state high- 
way system was completed and became 
fully operational in 1974. Because of the 
success of -the project, Pline sees in-
creased use of the system with the possi-
bility of a complete update of the high-
way photolog every five years. 
Course from TexITE 
The Texas Section 1TE has prepared 
and is currently using a basic traffic engi-
neering correspondence course which 
serves as an introduction to the funda-
mental principles of traffic control. At 
the present time, administration of the 
course is limited to TexITE members 
and their employees. The fee for the 
course, including the review of responses. 
is $45. TexITE members contribute the 
review and evaluation time. Complete 
copies of the course are available to in-
terested persons at $55 per copy. Con-
tact Donald L. Woods. Secre-
tary/Treasurer TexITE, Texas A&M 
University, Texas Transportation In-
stitute, College Station, Texas 77843. 
New Signal Film from 
Georgia Tech 
A 25-minute traffic signal movie enti-
tled "Loop-Occupancy Control" has 
been completed by Georgia Institute of 
Technology and is available on free loan 
to universities and traffic engineering 
agencies. The film, funded by a grant 
from the National Science Foundation, 
describes the use of large-area presence 
detectors (such as long loops) with non-
locking controller circuits in order to 
minimize delay. Applications to left-turn 
lanes and to right-turn-on-red locations 
are covered, as well as the selection of 
loop length and controller settings for 
both low- and high-speed approaches. 
Designs to detect small motorcycles, in-
cluding the novel "Quadrupole" config-
uration, are also presented. Particular 
emphasis is placed on the potential 
safety problems to pedestrians and mo-
torists as a result of the snappy oper-
ation of L.O.C. Throughout the film, a 
contrast is made with conventional ac-
tuated control. 
"Loop-Occupancy Control" com-
plements the Southern Section ITE 
Technical Report, "Large-Area Detec-
tion at Intersection Approaches," which 
was published in the June issue of Traf-
fic Engineering. The film is Part IV of a 
series, "Operation of Actuated Traffic 
Signals at Local Intersections," that 
Georgia Tech has been producing under 
NSF sponsorship. Requests for the loan 
of the films should be addressed to the 
Price Gilbert Library, Film Office, 
Georgia Institute of Technology, At-
lanta, Georgia 30332. 
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GEORGIA TECH RELEASES NEW SIGNAL FILM 
A 25-minute traffic-signal movie entitled "Loop-Occupancy Control" 
has been completed by Georgia Tech and is available on free loan to 
universities and traffic engineering agencies of all kinds. The film 
was funded by a grant from the National Science Foundation. It describes 
the use of large-area presence detectors (such as long loops) with non-
locking controller circuits in order to minimize delay. Applications 
to left-turn lanes and to right-turn-on-red locations are covered. The 
selection of loop length and controller settings for both low-and high-
speed approaches is described as well. Designs to detect small motor-
cycles, including the novel "Quadrupole"configuration, are presented 
as well. Particular emphasis is placed on the potential safety problems 
to pedestrians and motorists as a result of the snappy operation of L.O.C. 
Throughout the film a contrast is made with conventional actuated control. 
"Looi-Occupancy Control" complements the Southern Section ITE Technical 
Report, "Large-Area Detection at Intersection Approaches," which was 
published in the June, 1976, issue of Traffic Engineeriu. 
The new film is Part IV of a series that Georgia Tech has been produc-
ing under NSF sponsorship. The series, which has the general title 
"Operation of Actuated Traffic Signals at Local Intersections",comprises 
the following parts: 
Part I 	Basic Actuated Controllers - 24 minutes 
Conventional control using small-area detectors and 
controllers with locking detection memory circuits. 
Part II Advanced Actuated Controllers 	15 minutes 
"Density" features, including variable initial interval 
and reduction of allowable gap; the dilemma-zone problem 
at high-speed intersections. 
Part III Multiphase Actuated Controllers 	13 minutes 
Summary of left-turn phasing, overlap movements, 
phase skipability, diamond interchanges. 
Part IV Loop-Occupancy Control 	25 minutes 
Applications of long-loop presence detectors and 
controllers with non-locking detection memory circuits 
Each film is a blend of scenes of actual intersections, graphical 
animation and demonstrations in the Georgia Tech Traffic Signal Laboratory. 
Requests for the loan of the films should be addressed to the Price 
Gilbert Library, Film Office, Georgia Institute of Technology, Atlanta, 
Georgia, 30332. 
